1. Introduction
===============

Wilson\'s disease (WD), also known as hepatolenticular degeneration, is an autosomal recessive inherited disease caused by *ATP7B* gene defect.^\[[@R1]\]^ It has occurred all over the world and mainly in children and young people. The incidence of men is slightly higher than that of women, which maybe because of the difference between the level of estrogen and the metabolism of iron.^\[[@R2]\]^ The incidence of WD in the world is about 1:30000,^\[[@R3]\]^ its carrier rate is about 0.011 and the gene frequency is about 0.56.

The *ATP7B* gene contains 21 exons and 20 introns, its expression product is P type copper transporter ATP enzyme, which is located in the liver cell Golgi body and is responsible for the copper transport of hepatocytes. The function of ATP enzyme is lost because of the *ATP7B* gene defect, and the copper in the cell can not be transported normally and deposited in the liver, brain, kidney, cornea and other tissues and organs. The clinical manifestations of WD mainly are progressive injury of the liver and nervous system.^\[[@R4]\]^ In some patients, corneal Kayser--Fleischer ring (K-F ring), renal injury, bone and muscle damage, and hematopoietic and immune system damage can also be found. WD has no radical cure, once a case is diagnosed, he needs a life-long low copper diet, and the treatment of copper resistance.^\[[@R5]\]^

Intestinal flora is an important part of the normal microbial community of the human body, and is also an important basis for the normal operation of various physiological functions of the human body. Many studies have shown that changes in intestinal flora are associated with a variety of diseases, such as obesity, asthma, type 2 diabetes, arthritis and cardiovascular disease.^\[[@R6]--[@R11]\]^ The development of some mental diseases is also associated with the imbalance of intestinal flora.^\[[@R12]\]^ It was shown that extrapyramidal symptoms were associated with intestinal flora in Parkinson\'s disease.^\[[@R13]\]^ The absorption and utilization of trace elements in the intestinal tract regulates the balance of intestinal flora.^\[[@R14]\]^ Iron absorption barrier caused by the deficiency of iron regulation protein gene IRP-2 can change the composition of intestinal flora.^\[[@R15]\]^ Therefore, we speculated that intestinal flora diversity may be associated with WD.

In this study, we analyzed the difference of intestinal flora polymorphisms between Wilson\'s disease (WD) patients and healthy people by high-throughput sequencing technology, and explored the correlation between WD and intestinal flora diversity.

2. Materials and methods
========================

2.1. Subjects
-------------

A total of 22 WD patients with first diagnosis and taking any medications for \<7 days were recruited in the Affiliated Hospital of the neurology Institute of Anhui University of Chinese medicine between May 2015 and May 2016. The diagnosis based on clinical manifestations, medical and neurological examination, family history, low serum ceruloplasmin levels, 24 hours high urinary copper excretion, liver function test, liver ultrasonography, brain MRI and/or CT. All cases were confirmed by gene diagnosis. The healthy people with matching gender and age from the Anhui University of Chinese medicine who have no disease or drugs affecting the autonomic nervous system are recruited as control. The exclusion criteria are as follows: patients who have used antibiotics, probiotics, and microecologic agents within 30 days; patients with organic diseases of the digestive system; patients with gastrointestinal surgery; patients with alcohol addiction, diabetes and other affecting intestinal flora diseases; patients who have fever, cough, congestion, and other respiratory tract infections and other inflammatory diseases within 30 days.

2.2. Ethical review
-------------------

All subjects signed informed consent forms. This study was approved by the Ethics Committee of the Anhui University of Chinese medicine.

2.3. Specimen collection and DNA extraction
-------------------------------------------

The subjects in WD group had low copper diet, others had a normal diet. The first fresh stool (2--5 g) in the morning was collected. DNA was extracted using Tiangen stool mini kit (Tiangen, Beijing, China) in 5 hours after collection according to the instruction manual.

2.4. DNA library construction and high throughput sequencing
------------------------------------------------------------

The extracted DNA was quantified using Qubit 2.0 Fluorometer (Invitrogen, Carlsbad, CA), they were detected by electrophoresis with 0.8% agarose. The DNA samples were amplified using MetaVx\_ Library Preparation Kit (Genewiz, New Zealand) by PCR according to the instruction manual. The primers used in this study are as follows: F: 5′-GTGCCAGCMGCCGCGG-3′; R: 5′-GGACTACHVGGGTWTCTAAT-3′. The AxyPrepDNA gel Recovery Kit (AXYGEN company) was used to purify the PCR products according to the instruction manual. Library validation was performed by Agilent 2100 Bioanalyzer (Agilent Technologies, Palo Alto, CA). Sequencing was conducted using a 2 × 250 paired-end (PE) configuration, and image analysis and base determination were performed using the PE250 Control Software on the PE250. Preliminary classification and analysis were performed with Illumina BaseSpace platform.

2.5. Data analysis
------------------

The data were analyzed with CASAVA software (V1.8.2), and Pass Filter Data were obtained after analysis. Pandaseq software (V2.7) was used to compare the sequencing results of the WD patients and the control group. Trimmomatic software (V0.30) was used to eliminate primers and joint sequences. Then the Usearch software (V8.0) was used to compare the splicing sequence and the database, the final effective sequence was obtained after the chimerism sequence was removed. A taxonomic analysis was carried out in the representative sequences of 97% similar level Operational taxonomic units (OTUs) by using RDP classifier Bayes algorithm. The community composition of each sample was counted at different classification levels: domain, Kingdom, phylum, class, order, family, genus (genus), and species. The comparison databases are as follows: Silva_111 16S rRNA database ([https://www.arbsilva.de](https://www.arbsilva.de/)); RDP (Release 11.1, <http://rdp.cme.msu.edu/>); Greengene (Release 13.5, <http://greengenes.secondgenome.com/>); Unite (Release 6.0, <http://unite.ut.ee/index.php>).

According to the results of OTUs analysis, α diversity analysis including Simpson, Shannon, Chao 1, ACE and Good\'s Coverage were carried out by Mothur (version v.1.30.1, [http://www.mothur.org/wiki/Schloss_SOP\#Alpha_diversity](http://www.mothur.org/wiki/Schloss_SOP%23Alpha_diversity)) software. β diversity analysis was carried out using PCoA to calculate the diversity distance matrix by the QiimeV1.7 software (<http://qiime.org/tutorials/otu_picking.html>). The trees were built by unweighted-pair group method with arithmetic mean (UPGMA) method.

2.6. Statistical analysis
-------------------------

Statistical analysis was performed using *t*-test with SPSS 19.0 software (SPSS Inc., Chicago, IL). The quantitative variables were expressed as mean ± SD and the qualitative variables were expressed as percentage. *P \< *.05 was considered to be statistically significant.

3. Results
==========

3.1. Demographic data
---------------------

The average age of the WD group was 18.0 ± 12.7 years old, the proportion of men was 57.9%, and the average body mass index was 20.54 ± 2.61. The average age of the control group was 15.5 ± 11.8, the proportion of men was 57.2%, and the average body mass index was 21.31 ± 2.37. There was no significant difference in age, sex ratio and body mass index between the 2 groups (*P* \> .05).

3.2. High throughput sequencing results
---------------------------------------

A total of 5,409,698 16S rRNA reads were obtained from fecal specimens by high throughput sequencing in this study, the average reads were 175,910 ± 59,801 in the WD group, the average reads were 134,372 ± 80,725 in the control group. A total of 2,548,262 sequences were obtained after the data optimization. The average sequences were 36,836 ± 4104 in the WD group, and the average were 35,051 ± 3075 in the normal control group, there was no significant difference in the average sequence number between the 2 groups (*P \> *.05).

3.3. OTU analysis
-----------------

All the effective sequences are clustered, and the sequence with similarity over 97% is considered to be an OTU. OTU analysis showed that 2663 OTU were obtained in WD group, and 3271 OTU were obtained in the control group, of which 941 were common OTU.

Rank-abundance curves can be used to analyze species abundance and species evenness. In the horizontal direction, the abundance of the species is reflected by the width of the curve, the higher the abundance is, the larger the range of the curve is on the horizontal axis. The shape of the curve (smoothness) reflects the evenness of species in the sample, the more smooth the curve is, the more uniform the species distribution is. The species accumulation curve is used to describe the increase of the species (OTU) with the increased sample size. In this study, the results of OTU analysis were shown in Figure [1](#F1){ref-type="fig"}. We found that the rank-abundance curve was smooth, indicting high evenness among samples. Species accumulation curves tend to be gentle, indicating that the species in the specimen will not increase significantly with the increase in the sample size. They showed that the sampling was sufficient and data analysis could be carried out.

![Venn picture (A), rank-abundance curve (B) and species accumulation curves (C) of operational taxonomic units (OTUs) in the 2 groups. The rank-abundance curve was smooth, indicting high evenness among samples. Species accumulation curves tend to be gentle, indicating that the species in the specimen will not increase significantly with the increase in the sample size. WD: WD patients; Control: healthy controls. OTUs = operational taxonomic units, WD = Wilson\'s disease.](medi-97-e11743-g001){#F1}

3.4. α-diversity analysis
-------------------------

The average index of Shannon, Simpson, Chao 1, Ace and Good\'s Coverage was 2.63 ± 0.57, 0.16 ± 0.09, 160.63 ± 57.83, 160.68 ± 56.09, and 0.99 ± 0.01, respectively in WD group. The average index of Shannon, Simpson, Chao 1, Ace and Good\'s Coverage was 2.53 ± 0.51, 0.18 ± 0.12, 178.95 ± 58.61, 179.23 ± 56.21, and 0.99 ± 0.01, respectively in control group (Table [1](#T1){ref-type="table"}). Compared with the control group, the Shannon index (*P = *.011), Chao 1 Index (*P = *.029) and Ace index (*P = *.021) of WD patients were significantly decreased, indicating that the diversity of intestinal flora in WD patients was lower than that of control group.

###### 

Analysis of α diversity index between WD patients and healthy people.
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3.5. Analysis of intestinal flora structure
-------------------------------------------

Colony diversity analysis showed that the intestinal flora of WD group and control group belonged to 5 phyla, they were Bacteroidetes, Firmicutes, Proteobacteria, Fusobacteria, and Tenericutes, respectively. Most of them belong to Bacteroidetes and Firmicutes, accounting for about 84.1% of the total sequence (Fig. [2](#F2){ref-type="fig"}). In WD group, the abundance of Bacteroidetes was significantly lower than that of the control group (67.19% vs 76.75%, *P \< *.001), and the abundance of Firmicutes (26.18% vs 19.83%, *P \< *.001), Proteobacteria (4.31% vs 3.09%, *P \< *.05), Fusobacteria (1.88% vs 0.04%, *P \< *.001) were significantly higher than that of control group. Compared with the control group at the level of the genus, the abundance of Bacteroides (4.85% vs 4.6%, *P \< *.05), Faecalibacterium (2.92% vs 2.13%, *P \< *.05), Megamonas (0.84% vs 0.22%, *P \< *.001), Lachnospira (0.16% vs 0.09%, *P \< *.001) significantly increased in WD group, while the abundance of Prevotella (1.63% vs 2.48%, *P \< *.001), Roseburia (0.75% vs 1.39%, *P \< *.001) and Phascolarctobacterium (1.72% vs 2.45%, *P \< *.001) significantly decreased in WD group (Fig. [3](#F3){ref-type="fig"}).

![Composition and relative abundance of bacterial communities based 16S rDNA sequences in F (WD patients) and Z (healthy controls) groups. (A) The relative abundances of the major bacteria in phylum level. (B) The relative abundances of the major bacteria in genus level. WD = Wilson\'s disease.](medi-97-e11743-g003){#F2}

![Heat map analysis relative abundance of bacterial communities in F (WD patients) and Z (healthy controls) groups. WD = Wilson\'s disease.](medi-97-e11743-g004){#F3}

3.6. Principal component analysis
---------------------------------

According to unweighted UniFrac and Bray-Curtis distance matrices analysis of 16S rRNA sequence, the first PCoA, second PCoA, and third PCoA contribution rate of the difference between WD group and control group were 45.78%, 17.79% and 8.23%, respectively. PCoA and UPGMA tree analysis showed that there were significant differences of gut microbial compositions between the 2 groups (Fig. [4](#F4){ref-type="fig"}).

![The principal coordinates analysis (PCoA) (A) and UPGMAM method of Beta diversity index (B) of groups F (WD patients) and Z (healthy controls). WD = Wilson\'s disease.](medi-97-e11743-g005){#F4}

4. Discussion
=============

According to our knowledge, there is no study on the intestinal flora diversity in WD patients. In this study, we analyzed the high throughput sequencing results of 16S rRNA V4 variable region of the intestinal flora in the WD patients and the normal population. We found that there were significant differences in intestinal flora diversity and intestinal flora composition between WD patients and normal people. Microbial diversity is a new health marker, it is important to maintain the stability and performance of the ecosystem. The decrease of intestinal flora diversity is related to many diseases, such as active inflammatory bowel disease, cirrhosis, obesity, diabetes, child autism, depression, Alzheimer\'s disease, and so on.^\[[@R6]--[@R13],[@R16]\]^ The Shannon index, Chao 1 index, and Ace index of intestinal flora in WD patients were significantly lower than those in healthy people, which indicating that the diversity of intestinal flora in WD patients was significantly lower than that in the control group. Therefore, these results suggested that WD may be associated with the decrease in intestinal flora diversity.

The decrease of intestinal flora diversity may directly affect the physiological function of intestinal microbes. The diversity of intestinal flora in obese patients was significantly lower than that in normal population.^\[[@R17]\]^ The decrease of intestinal flora diversity was also associated with insulin resistance, dyslipidemia, and inflammation.^\[[@R18]--[@R20]\]^ The athletes have more intestinal microbes than the healthy people.^\[[@R21]\]^ The structure of intestinal flora in identical twins is surprisingly similar, but there are significant differences between the fraternal twins. This indicates that the structure of intestinal flora is regulated by the host gene.^\[[@R22]\]^ The results of this study also suggested that WD, an autosomal recessive hereditary disease, may also be associated with intestinal flora.

The abundance of Bacteroidetes in WD patients was significantly higher than that in the control group, while the abundance of Firmicutes, Proteobacteria, and Fusobacteria was significantly lower than that of the control group. Bacteroidetes phylum mainly includes Bacteroides genus and Prevotella genus. They play an important role in maintaining the homeostasis of mucosal T cells and establish a symbiotic relationship with the host.^\[[@R23],[@R24]\]^ An increase in Prevotella abundance may promote inflammatory responses in the host, which is associated with the incidence of rheumatoid arthritis.^\[[@R25]\]^ The metabolite of Faecalibacterium has anti-inflammatory effect to prevent NF-кB activation and secretion of IL-8.^\[[@R26]\]^ There were immune disorders in WD patients, their T lymphocytes were lower than normal people, while B lymphocyte, NK cell, and circulating immune complex IgM were higher than normal people.^\[[@R27]\]^ In this study, Prevotella abundance increased and Faecalibacterium abundance decreased in WD patients, indicating that changes in intestinal flora in WD may be related to immune dysfunction.

In this study, we also found that the abundance of intestinal flora Proteobacteria in WD patients decreased significantly, and the decrease was positively related to the dyskinesia of WD patients. It is not clear whether the decrease of the abundance of Proteobacteria in the WD is associated to the neurologic disorders for the limited activity in the brain function area of the competent exercise. Firmicutes plays a crucial role in obesity. In this study, there was no significant difference in BMI between WD patients and controls, but the abundance of Firmicutes in WD patients was significantly reduced, indicating that this may be related to WD.

In a word, this study firstly clarified that intestinal flora diversity and flora structure in WD patients were significantly different from those of the normal population, the immune disorder and nervous system symptoms of WD may be related to the structure of intestinal flora. More research is needed to elucidate whether there is a causal relationship between WD and intestinal flora diversity.
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